Results 1 1 0 1 1 1 observed variation in osmotic stress signaling and explain the complex relationship between 2 8 2 rank and viability. Assuming aggressive osmotic stress signaling with rapid recovery and 2 8 3 resumption of growth is the default, ancestral behavior, we hypothesized a heritable probability 2 8 4 of cautious signaling and behavior arose in response to the unpredictable severity and duration 2 8 5 of potentially lethal osmotic environments. To test this idea, we modeled the relative fitness of 2 8 6 strains with different signaling strategies after several generations of growth, including abrupt 2 8 7 changes between three osmotic stress environments that discriminate cautious versus reckless 2 8 8 behavior. These were: (E0) a permissive environment in which both cautious and reckless cells 2 8 9 grow equally well, (E1) a restrictive environment approximating moderate osmotic stress where 2 9 0 reckless cells divide and cautious cells survive without dividing, and (E2) a killing osmotic stress 2 9 1 where reckless cells die and cautious cells survive without cell division.
9 2
We modeled a heritable probability of daughters with cautious signaling and behavior 2 9 3 and asked whether it could evolve (P: 0 ≤ P ≤ 1). Our model calculates the relative fitness (cell 2 9 4 numbers) of different strategies after several generations under each of the 9 possible 2 9 5 environmental shifts between the three different selective environments ( Figure 3E ). Most 2 9 6 combinations of environments favor an optimum strategy of either all cautious (P = 1) or all 2 9 7 reckless cell types (P = 0). Strictly intermediate strategies and bet hedging (P: 0 < P < 1) 2 9 8 prevailed only when the osmotic environment changed from moderate to more severe (E1 -> 2 9 9 E2) with the optimum strategy P depending on the number of generations in the first 3 0 0 environment. Shorter lag periods -corresponding to less severe osmotic conditions -and more 3 0 1 cell divisions in E1 initially favor lower P and a higher proportion of reckless cells. Longer lag 3 0 2 periods -corresponding to more severe conditions and fewer cell divisions -favor higher P and 3 0 3 more cautious cells. Such worsening conditions are common in nature (for example, during 3 0 4 fermentation or on drying fruit). Indeed, as predicted by the model, we observed that lower-3 0 5 ranked strains with more cautious signaling behaviors, longer lag periods and fewer attempted 3 0 6 cell divisions were increasingly fit over time in an increasing severity of osmotic stress. This 3 0 7 simple model provides a conceptual framework for understanding how a heritable frequency of 3 0 8 bet hedgers can be tuned by evolution in different patterns of environmental stress. 
2 2
Recent theoretical papers discuss ecological forces that favor the evolution of predictive 3 2 3 plasticity and diversified bet hedging strategies (Arnoldini et al., 2012; Donaldson-Matasci et al., 2 8 genetically identical cells from 34 different yeast strains demonstrates that differences between 3 2 9 strains and traits in phenotypic noise is genetically encoded and if adaptive, could therefore et al., 2013) . Here we report that even when yeast cells can sense and respond 3 3 1 appropriately to unexpected episodes of environmental stress -a classic form of predictive 3 3 2 plasticity -to safely resume cell division they must also anticipate the imperfectly known 
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Indeed, the theoretical models predict the entanglement of plastic developmental responses 3 3 7 with bet hedging and circumscribe the ecological settings under which they would evolve 3 3 8 (Arnoldini et al., 2012; Donaldson-Matasci et al., 2013) . The first known example of combined 3 3 9 predictive plasticity and bet hedging in a microorganism is the starvation response of the 3 4 0 bacteria S. meliloti which induces the production of 2 different daughter cells, one suited to 3 4 1 short-term starvation and the other suited to longer-term starvation (Ratcliff and Denison, 2010).
4 2
Also consistent with our results are recent laboratory evolution studies showing that (1) the 3 4 3 frequency and duration of bet hedging (persistence) in bacteria is heritable (Rotem et al., 2010) , 3 4 4
(2) different patterns of antibiotic treatment can select for a high frequency of bet hedgers (Van 3 4 5 den Bergh et al., 2016), (3) antibiotic tolerance is determined by evolution of cell cycle reentry 3 4 6 timing (lag times) (Fridman et al., 2014) , and (4) lag times evolve as a function of the duration of 3 4 7 antibiotic treatment (Fridman et al., 2014) . Together with our results these findings link bet 3 4 8 hedging strategies in microorganisms with the diversity of bet hedging strategies in higher 3 4 9 eukaryotes, drawing parallels for example with the pioneering studies of seed dormancy bet 3 5 0 hedging in desert annuals (Cohen, 1967) . In microorganisms, when cautious cells respond to 3 5 1 environmental stress with longer lag times whose frequency can be tuned/evolve to any value 3 5 2 between 0 and 1, we suggest this be called "tunable bet hedging" to distinguish it from 3 5 3 previously described pre-adaptive "stochastic bet hedging".
5 4
In yeast as in multicellular organisms, fitness depends on reproduction in capricious and 3 5 5 potentially lethal environments whose severity and duration are also unpredictable. Similar to 3 5 6 seeds in dormancy, microorganisms in nature spend a large fraction of their time in post-diauxic 1 1 classical evolutionary models assign fitness directly to genotypes, mutations, and mean trait 3 6 0 values without consideration of the genotype-to-phenotype map, molecular models provide 3 6 1 detailed mechanisms of development but rarely consider the effects of natural genetic variation.
6 2
Many studies of phenotypic diversity in yeast and bacteria are conducted in one or a few strains, 3 6 3 but here we studied well-characterized osmotic stress signaling responses on a backdrop of 3 6 4 natural variation in 50 yeast genotypes adapted to diverse ecologies. This enabled our 3 6 5 identification of negative feedback controlling perfect adaptation and robust recovery of steady-3 6 6 state viability in exponential cultures experiencing moderate osmotic stress, and the combined 3 6 7 strategies of predictive plasticity and diversified bet hedging in post diauxic cultures responding 3 6 8 to more severe conditions. It is increasingly clear that labyrinthine developmental mechanisms -3 6 9 that are themselves controlled by genetic variation -translate genotypes into phenotypes with 3 7 0 variable fidelity that can also be selected (Yvert et al., 2013) For flow cytometry, after osmotic stress treatments 4 ml of PBS was added to each culture.
5 8
Cells were isolated by centrifugation and resuspended in 1 ml PBS, transferred to FACS tubes, 
6 5
For analysis, raw data for the viable cells in each sample (forward scatter, side scatter and 4 6 6 GFP fluorescence data; up to 10,000 cells/sample) were extracted into an SQL database. Cell 4 6 7 data were scaled for linearity (e.g. FLH1 1/3 , FSC 1/3 , SSC 1/2 for GFP fluorescence, forward 4 6 8 scatter, and side scatter, respectively). Distributions of GPD1::GFP accumulation in exponential 4 6 9 cultures were unimodal, and therefore well-defined using a single mean (e.g. resolution. The number of Gaussians to be fit is a parameter that must be provided to the 4 7 9
model. We used Bayesian information criteria (BIC) to determine that the data were well than half of the other strains in its mean cluster was used to rank that strain's behavior relative 5 0 5
to the other strains in its group (clustering statistics; Table 5 ). 
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WXXX.G01
MATa/MATalpha HIS3/his3D1 LEU2/leu2∆0 LYS2/lys2∆0 ura3∆0/ura3∆0 FLO8/flo8-1 ho∆::barcode::KanMX4/ho GPD1/gpd1D::GFP::URA3
Synthetic population of wild/lab diploids for GPD1 quantification. This study; see Table S1 for details. 6 3 5 6 3 6 
3 7
The source for all wild strains in this study was the strain collection of the Royal Netherlands 6 3 8
Academy of Arts and Sciences over the past 100 years (Table 1 and Table S1 ). All strains used 6 3 9 in this study have been deposited to the Yeast Genetic Resources Lab of the National of GPD1::GFP fluorescence (see Table 5 and methods). A representative distribution of 7 3 0 GPD1::GFP accumulation (green) and relative survival red (99.7% viability) to blue 7 3 1 (11.7% viability) is given for each strain and time point (4-15 fold replication). KCl) steady-state viabilities were uniformly high (range 93.0 -99.6%; mean 98.2%).
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Strains are color-coded as in Figure 1C for comparison of exponential and post-diauxic 
4 5
Representative replicates of learned distributions of GPD1::GFP accumulation in post-diauxic 7 4 6 cultures exposed to 2.5 M KCl for the times shown. Mean (x), standard deviation (std), and 7 4 7 weight (w; the fraction of cells in each distribution) are given (zero-weighted distributions not 7 4 8 shown). Sum (red) shows the cumulative fit of the 4 learned Gaussians. The 18 strains shown (box) . Media was switched to 1.5M KCl at time 0, GPD1::GFP fluorescence is shown in green.
1 3
Time stamp shown in upper right. 8 1 4 8 1 5
Movie 2. Post-diauxic W027 cells exposed to 1.5 M KCl, GPD1::GFP fluorescence is shown in 
